Objectives: American Indian adolescents who reside on or near reservations report higher levels of substance use than adolescents in other racial/ethnic groups. Little research has addressed patterns of use, which have important implications for prevention and treatment planning. The objective of our study was to describe substance use among a large, population-based sample of American Indian and white students who lived on or near reservations.
American Indian adolescents residing on or near reservations (hereinafter, reservations) have higher levels of substance use and initiate use earlier than other adolescents in the United States. 1, 2 Little research has addressed patterns of substance use-for example, whether a single drug or multiple drugs are used and in what combination-among American Indian adolescents. Variations in patterns have important implications for prevention, treatment, and public health outcomes. Compared with single drug use, use of more than 1 drug results in especially adverse outcomes, including psychological distress, violent behavior, sexual risk taking, noncompletion of school, and other problem behaviors. [3] [4] [5] [6] Understanding the various ways in which adolescents use and combine substances is essential for appropriately targeting prevention and treatment efforts.
Most studies that examine patterns of substance use indicate 1 class of nonusers and various numbers of classes consisting of use of 1 or multiple substances. [7] [8] [9] [10] [11] Furthermore, patterns can differ by sex and race/ethnicity. 8, 9 Several studies examined patterns of substance use among American Indian adolescents, including one that investigated patterns among urban American Indian adolescents living in Arizona. 12 That study identified 4 classes of substance use among students in grades 8, 10 , and 12 at metropolitan schools: nonusers (69%); alcohol, tobacco, and/or marijuana users (17%); polysubstance users (6%); and users of tobacco, marijuana, and prescription drugs but rarely alcohol (4%). Another study that compared 2 American Indian reservation populations and a national sample, all aged 15-49, found 3 classes of past-year substance users for all 3 populations: abstainers, primarily alcohol users, and alcohol and drug users. 13 A third study modeled lifetime substance use among adolescents in 5 American Indian communities in the West and found 4 classes of substance users: abstaining, predominantly alcohol users, predominantly alcohol and marijuana users, and plural substance users. 14 Unlike studies of specific subpopulations of American Indian adolescents, our study assessed patterns of current substance use among a large, population-based sample of adolescents on reservations representing a broad range of tribal groups and geographic regions. To compare patterns of substance use by race, we also assessed patterns of substance use among white students who attended the same schools as the schools attended by the American Indian students in our study. White adolescents are the largest group of non-American Indian adolescents residing on or near reservations. Another objective of our study was to describe how combinations of substance use differed by age and sex. Such data could better inform the development and implementation of effective prevention and treatment programs.
Methods

Participants
Our study used cross-sectional data from a survey of students in grades 7-12 in 46 schools from 14 reservations across 4 academic years (2009) (2010) (2011) (2012) (2013) . Each academic year, we randomly sampled schools from a sampling frame of schools located within 25 miles of reservations or tribal lands and in which at least 20% of enrolled students were American Indian. Because the population of American Indians varies by region, we stratified the schools within the sampling frame by region. We randomly drew schools within each region so that the overall sample would reflect the regional distribution of American Indians living on reservations or trust lands based on US 2000 Census data.
School size averaged 125 students in grades 7 and higher, and on average, 80% of enrolled students (range, 66%-100%) completed the survey. The percentage of American Indian students enrolled in the sampled schools ranged from 21% to 100% (mean, 74%). The regional distribution of students was Northwest, 3.3%; Northern Plains, 51.0%; Southeast, 3.6%; Southwest, 30.7%; and Upper Great Lakes, 11.4%. No schools in the Northeast participated. Overall, 28 schools were located on reservation or tribal land; 84% of American Indian students and 38% of white students in the sample attended schools on the reservation.
We defined "white" as any student marking the "white" response and not marking the "American Indian" response for the single mark-all-that-apply question that asked about race/ethnicity; 2.2% of students also checked "Hispanic."
Thus, we used "white" in this study to include both nonHispanic white and Hispanic white students. Identities of tribes and reservations were kept confidential. The Colorado State University Institutional Review Board approved all procedures, and for each participating school, we obtained the appropriate tribal and school board approvals.
Students completed the American Drug and Alcohol Survey, an instrument validated for reliability and validity among racial/ethnic minority young people. 15, 16 In total, 786 male and 714 female American Indian students in grades [7] [8] 
Procedures
All students in grades 7-12 in participating schools were eligible to complete the survey. Schools notified parents of survey administration via a media release and a letter mailed to all parents by the school that explained how to opt their child out of the survey. Fewer than 1% of students did not complete the survey because of lack of parental consent. A teacher or school staff member trained in human subjects procedures administered the survey during regular classroom hours. The survey took 20 to 45 minutes to complete. Students gave no identifying information, and they could leave any question blank that they did not wish to answer. Each school received a comprehensive report of their survey findings and $500 compensation for resources used to complete the survey process.
Measures
Six variables measured current substance use. Two variables measured alcohol use: frequency of alcohol use in the last month and frequency of consuming !5 drinks in a 2-hour period in the past 2 weeks (hereinafter, heavy drinking); for frequency, we used the following categories: 0 times ¼ 0, 1 or 2 times ¼ 1, and !3 times ¼ 2. We used these same categories for a third variable, which measured frequency of marijuana use, and a fourth variable, which measured frequency of inhalant use in the last month. A fifth variable measured frequency of smoking cigarettes (0 ¼ not at all; 1 ¼ once in a while to 5 times daily; 2 ¼ half-pack or more per day). The sixth variable measured other drug use: 1 ¼ use in the last month of any other drugs, including tranquilizers without a prescription, cocaine, crack, other amphetamines, oxycontin, other narcotics, LSD, ecstasy, heroin, or methamphetamines, or 0 ¼ no use of any of these drugs in the last month. We defined polysubstance use as multiple-substance use that included one other substance in addition to alcohol, marijuana, and cigarettes.
Analysis
We used latent class analysis (LCA) to identify groups of students with qualitatively distinct patterns of substance use. LCA is a technique for identifying subgroups of individuals who share similar characteristics within a population. These subgroups are called "latent classes" because they are otherwise unobservable. Latent classes may differ on predictive characteristics (eg, risk factors, protective factors) and on their response to treatment and prevention. LCA is a person-centered analysis (in contrast to a variable-centered analysis, such as factor analysis) that classifies individuals into unobserved (latent) clusters or classes according to their pattern of responses on indicator variables (here, substance use measures). Individuals in a given latent class are similar to each other with respect to item responses, whereas individuals across 2 classes are dissimilar with respect to item responses. Estimated parameters from LCA include the likelihood of any random person being in a latent class and the likelihood that an individual in a given latent class will indicate use of a given substance.
We conducted analyses using Mplus version 7.4; we accounted for the nested structure of the data (students within schools) by using a sandwich estimator to adjust standard errors. 17, 18 We first estimated unconditional models (ie, no covariate included) for number of classes from 1 to 5, estimating models separately by race (American Indian and white) and by grade group (7-8 and 9-12) . We chose the number of classes based on the sample size-adjusted Bayesian information criterion (SABIC), with a lower SABIC indicating better fit, and on the interpretability of the classes. The bootstrap likelihood ratio test outperforms other measures of fit for determining the correct number of classes, but this test is not available for complex samples. 19 However, 1 study found that SABIC performed similarly to the bootstrap likelihood ratio test in large samples. 20 After we determined the number of classes for each grade group, we added sex, with boys as the reference class, as an auxiliary variable to assess its relationship to latent class. We examined odds ratios (ORs) of being in a given class to determine differences between boys and girls, with the nonuser class used as the reference group.
Results
Students in grades 9-12 had higher levels of substance use than students in grades 7-8 with 1 exception: American Indian girls and white girls in grades 7-8 had higher levels of inhalant use (12.4% and 5.6%, respectively) than their older counterparts (5.0% and 2.2%, respectively) ( Table 1) . Compared with white students, American Indian students had higher levels of current use of all substances, by grade and by sex, with 2 exceptions: alcohol use was higher among white boys (32.2%) and white girls (33.8%) compared with American Indian boys (28.0%) and American Indian girls (31.6%).
LCA Models
For both grade groups of American Indian students, 4-class models performed best, whereas for white students, a 2-class model for students in grades 7-8 and a 4-class model for students in grades 9-12 performed best (Tables 2 and 3 Tables 2 and 3) .
Among American Indian students, the class of marijuana and cigarette users had a similar profile to that of the class of alcohol, marijuana, and cigarette users, except for the alcohol items. For example, for students in grades 9-12 in the class of marijuana and cigarette users, the likelihood of current alcohol use was 0.35, whereas for heavy drinking, it was 0.02 ( Figure  1 ). In contrast, these probabilities were 1.00 and 0.83, respectively, for the class of alcohol, marijuana, and cigarette users. Students in the class of alcohol, marijuana, and cigarette users in grades 7-8 were nearly twice as likely to use marijuana !3 times in the last month (probability ¼ 0.50) than were students in the class of marijuana and cigarette users (probability ¼ 0.28) and more than twice as likely to smoke a half-pack of cigarettes or more per day (probability ¼ 0.28 and 0.12, respectively). However, for students in grades 9-12, the likelihood of more frequent marijuana and cigarette use was greater for students in the class of marijuana and cigarette users (probability ¼ 0.60 for marijuana use and 0.36 for cigarette use) than for students in the class of alcohol, marijuana, and cigarette users (probability ¼ 0.48 for marijuana use and 0.25 for cigarette use). Finally, the class of polysubstance users had probabilities greater than 0.90 for alcohol, heavy drinking, marijuana, and cigarette use; this class was most likely to indicate using substances !3 times in the last month. In addition, the probabilities of using other drugs among polysubstance users in both grade groups were greater than 0.60, and the probabilities of using inhalants were 0.53 for students in grades 7-8 and 0.36 for students in grades 9-12.
White students. The 2-class model for the 181 white students in grades 7-8 consisted of a class of nonusers (162 [89.5%] students) and a class of polysubstance users (19 [10.5%] students) ( Table 1 and Figure 2 ). The probability of white students in grades 7-8 using substances 1 or 2 times in the last month was higher than the probability of using substances !3 times in the last month among students in the class of polysubstance users, with the exception of heavy drinking.
The 4-class model for white students in grades 9-12 was (1) alcohol and cigarette users (188 [14.6%] students); and (4) polysubstance users (65 [5.0%] students) ( Table 3 and Figure  2 ). Students in the class of alcohol, marijuana, and cigarette users largely differed from students in the class of alcohol and cigarette users in that the probability of heavy drinking was 0 for those in the former class and 0.53 for those in the latter class, and the probability of marijuana use was 0.53 for those in the former class and 0.27 for those in the latter class. The probability of using alcohol !3 times in the last month was 0.44 among students in the class of alcohol and cigarette users but 0 for students in the class of alcohol, marijuana, and cigarette users. Finally, the class of polysubstance users had probabilities greater than 0.70 for alcohol use, heavy drinking, marijuana use, cigarette use, and other drug use, and the probability was !0.50 for using these substances !3 times in the last month.
Sex Differences by Class
Among American Indian students in grades 7-8, girls were more likely than boys to be in the class of polysubstance users (OR ¼ 2.33; 95% confidence interval A conditional probability is the probability that a randomly selected person in a class will have a nonzero response; a nonzero response indicates substance use in the last month. Each latent class is represented by a bar. Six variables measure substance use: (1) alcohol (probability of using alcohol !1 time in the last month), (2) heavy drinking (probability of having !5 drinks in a 2-hour period !1 time in the last 2 weeks), (3) marijuana (probability of using marijuana !1 time in the last month), (4) inhalants (probability of using inhalants !1 time in the last month), (5) cigarettes (probability of smoking cigarettes at least once in a while in the last month), and (6) other drugs (probability of using any other drug [eg, tranquilizers, cocaine, crack, oxycontin, heroin, other narcotics, methamphetamine, other amphetamines, LSD, or ecstasy] !1 time in the last month).
[CI], 1.34-4.06) and in the class of alcohol, marijuana, and cigarette users (OR ¼ 2.34; 95% CI, 1.64-3.33). Among American Indian students in grades 9-12 and white students in grades 7-8, we found no differences in classification across sexes. Among white students in grades 9-12, girls were less likely than boys to be in the class of polysubstance users (OR ¼ 0.52; 95% CI, 0.38-0.70). A conditional probability is the probability that a randomly selected person in a class will have a nonzero response; a nonzero response indicates substance use in the last month. Each class is represented by a bar. Six variables measure substance use: (1) alcohol (probability of using alcohol !1 time in the last month), (2) heavy drinking (probability of having !5 drinks in a 2-hour period !1 time in the last 2 weeks), (3) marijuana (probability of using marijuana !1 time in the last month), (4) inhalants (probability of using inhalants !1 time in the last month), (5) cigarettes (probability of smoking cigarettes at least once in a while in the last month), and (6) other drugs (probability of using any other drug [eg, tranquilizers, cocaine, crack, oxycontin, heroin, other narcotics, methamphetamine, other amphetamines, LSD, or ecstasy] !1 time in the last month).
Discussion
Using a population-based sample of American Indian and white adolescents who lived on or near reservations, our study estimated latent classes of substance use by race and grade group. We identified 4 classes of substance use for American Indian students in grades 7-12 and white students in grades 9-12 and 2 classes of substance use for white students in grades 7-8. The largest class for each group was nonusers, consistent with other LCA studies of adolescents, and the smallest class was polysubstance users. 11, 21, 22 In addition, we found distinct patterns of substance use among American Indian adolescents compared with white adolescents, with relatively large classes of marijuana and cigarette users (>20%) among American Indian students in both grade groups but not among white students.
Our findings showed significant differences in patterns of substance use, especially at younger ages, between reservation American Indian students and white students attending the same schools. American Indian students in grades 7-8 had similar patterns to those of American Indian students in grades 9-12, with 4 classes found for each group. In contrast, patterns differed between white middle school students and white high school students. Among white students in grades 7-8, we found 2 classes at the extremes: a large group of nonusers (89.5%) and a small group of polysubstance users (10.5%). For white students in grades 9-12, four classes emerged: 2 extreme classes and 2 in-between classes (one of alcohol, marijuana, and cigarette users and one of alcohol and cigarette users). Our findings suggest that the substance use patterns of American Indian students are established earlier-by middle school-than they are for white students and that these patterns continue through high school. In contrast, a smaller percentage of white students than American Indian students in grades 7-8 used substances, but they appeared to be experimenting with multiple substances. This pattern changed for white students in grades 9-12: in high school, a greater percentage of students was using substances, and the 3 classes of users had relatively high probabilities of some type of alcohol use. The class of alcohol and cigarette users in our study was similar to classes of alcohol-only users and/or alcohol and tobacco users described in other studies. 11 Interestingly, we found no class among white students that was similar to the marijuana and cigarette user classes among American Indian students in grades 7-8 and 9-12.
The differences between the white and American Indian classes in both grade groups could be due, in part, to more white students attending schools near a reservation rather than on a reservation. In general, substance use norms, substance availability, and other factors on a reservation may differ from those near a reservation. For example, 1 study found that reservation American Indian adolescents perceived less disapproval for marijuana use among peers and adults in the community than did white adolescents attending the same schools. 23 On the other hand, these white students were exposed to many of the same sociocultural factors that were present on reservations and generally lived in areas where the socioeconomic status was below that of the general population of the United States; as such, the white students in our study were distinct from the general US population of white students. Whether differences between American Indian students and white students were due to differences in norms, availability, or other factors is a topic for future research.
Another study of American Indian adolescents, by Kulis et al, 12 also found 4 classes of substance users. That study, which sampled American Indian students in grades 8, 10, and 12 in urban areas, found a large class of nonusers (69%) and a small class of polysubstance users (6%). The class of polysubstance users in our study of reservation adolescents was more likely than the class of polysubstance users in the study of urban adolescents to use all substances except other drugs (for which the likelihood was similar). The urban class of alcohol, tobacco, and marijuana users and the reservation class of alcohol, marijuana, and cigarette users were also similar, although the urban class was somewhat larger (17%) than the reservation classes (14.2% in grades 7-8 and 11.0% in grades 9-12). The class of alcohol, tobacco, and marijuana use in the urban study and the class of alcohol, marijuana, and cigarette use in our study reported high conditional probabilities of heavy drinking (>0.70) and, to a lesser extent, marijuana and cigarette use (urban >0.40; reservation >0.60). Finally, the reservation class of marijuana and cigarette use was similar to the urban "not alcohol" class, but the probabilities for marijuana and cigarette use were significantly higher for reservation adolescents than for urban adolescents, and the reservation classes were larger (28.8% in grades 7-8 and 21.5% in grades 9-12) than the urban class (4%). In summary, we found similarities in patterns of substance use between urban and reservation American Indian students, but reservation classes had higher probabilities of use within a class, had smaller numbers of nonusers and heavy alcohol users, and had larger numbers of nonalcohol users (ie, the class of marijuana and cigarette users).
Differences between urban and reservation classes may reflect differences between the environment of reservation adolescents and the environment of urban American Indian adolescents, especially as they reflect differences in availability of and norms surrounding use of alcohol and marijuana. Kulis et al 12 noted that the small urban class of nonalcohol users may be related to favorable attitudes in American Indian communities toward abstinence, attitudes that may be due to high levels of awareness of the negative effects of alcohol on American Indians, an awareness also noted by May. 24 For adolescents living on reservations, where abstinence among adults is often higher than abstinence among the general population and where restrictive alcohol policies may be in place, abstinence may lead, in part, to large classes of marijuana and cigarette users. 25 Kulis et al 12 found no differences by sex in latent classes among urban American Indian adolescents. In contrast, we found that among students in grades 7-8, American Indian girls were more likely than their male counterparts to be in the class of polysubstance users. This finding is consistent with the findings of another study, which showed that in early adolescence, Indigenous girls had higher rates of substance use than Indigenous boys, with differences dissipating by later adolescence. 26 Our results suggest that reservation American Indian girls in middle school are at increased risk, compared with their male counterparts, for a pattern of using multiple substances beyond alcohol and marijuana.
Our results indicate that adolescents living on or near reservations, similar to other nonreservation adolescents, use substances in combination, and classes of users can be identified by using LCA. We found that the combinations of substances used by American Indian adolescents were most likely to include marijuana; in contrast, alcohol was more likely to be used among white adolescents. In addition, when compared by grade level, our American Indian sample had a smaller percentage of nonusers than the white sample, and for most substances, the probabilities of substance use were higher among American Indians. American Indian reservation adolescents were at particular risk for marijuana use, compared with white reservation adolescents, and white reservation adolescents had a greater risk for alcohol use. American Indian girls in grades 7-8 appeared to be initiating patterns of polysubstance use at a greater rate than their male counterparts.
Limitations
This study had several limitations. Although we used a large, geographically diverse sample of reservation schools, the sample was not a random sample of all reservation schools because participation was voluntary. Thus, our results may have been different had we obtained data from an entire population of reservation adolescents. However, to our knowledge, our sample is the largest such sample of reservation adolescents. The distribution of students across geographic regions was similar to the overall distribution of American Indians nationally, except that our sample consisted of a greater percentage of students located in the Southwest and Northern Plains. Our results may have been different had American Indian schools in the Northeast chosen to participate, but this region accounts for a small proportion of the complete sampling frame (2.0%). Because we administered surveys in schools, our data did not include adolescents who dropped out of school. Because of high rates of dropout among American Indian adolescents (67% graduation rate for the 2014-2015 school year 27 ), our findings would likely have been different had we accounted for adolescents no longer in school. 28 Caution is also warranted in interpreting findings for white students in grades 7-8 because of the small sample size, although all LCAs for this group converged successfully, and we encountered no statistical anomalies. Further study with larger sample sizes from this subgroup should be conducted.
Conclusion
Most substance use prevention programs designed for adolescents implement a primary prevention approach that targets the entire population, but emerging evidence indicates the effectiveness of secondary prevention approaches for this age group, in which adolescents are matched to a condition according to individual characteristics. 29 Identification of subpopulations of users-for example, through LCAallows the design of interventions that will efficiently and effectively address prevention and treatment needs of groups of individuals who share certain characteristics. 30 Our study found that for our sample of adolescents living on or near reservations, substance use was not homogenous; thus, applying a one-size-fits-all approach may waste limited funds and resources for prevention and intervention. 31 In addition, our study underscores that American Indian adolescents residing on reservations are at high risk for substance use, especially at an early age, and that likelihood is high for marijuana use in combination with cigarettes and, in some cases, other substances.
Our results have important public health implications for how best to target already limited resources for prevention and intervention. Particular attention should be directed to American Indian girls, who appear to be initiating patterns of polysubstance use at greater levels than their male counterparts. Further research is needed to determine what factors may lead to early establishment of substance use among these groups of reservation adolescents.
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